Abstract. In order to control the environmental pollution caused by chromium better, this paper summaries the study about the accumulation charac-teristics, tolerance mechanism,detoxification mechanism and enrichment efficiency of chromium in Leersia hexandra swartz in recent years. It concluded that Leersia hexandra swartz has considerable potential for remediation of polluted environment, especially large-area, low-concentration polluted water, and prospects of its future research direction.
Introduction
Commonly henvy metal pollution mainly refers to Pb , Hg , Cd , As , Cr and other heavy metals that cause great ecological and health risks to animals, plants and humans [1] , among which chromium is a color-silver metal, insoluble in nitric acid and water. Chromium can be dissolved in sulfuric acid to form salts, and chromium is a source of great environmental pollution [2] . In addition, chromium and its compounds are important industrial raw materials, and are mostly used in electroplating, printing and dyeing industries. These industries all generate chromium wastewater discharge, causing serious chrome water pollution [3] . For example, in 2009, chromium pollution drinking well water event in Shuangfeng county of Loudi, Hunan province, and large area of water pollution caused by chromium pollution in Qujing,Yunnan in 2011 have greatly affected the local drinking water. Moreover, chromium is a recognized teratogenic and carcinogenic substance [4] [5] [6] . In China, the first "Twelfth Five-Year" special plan"The 12th five-year plan for integrated prevention and control of heavy metals pollution" lists chromium as one of the five key prevention and control elements; chromium (VI) is placed in the United States Environmental Protection Agency. Chromium is listed as one of the 17 chemicals that are extremely harmful to the human body [7] .
Therefore, chromium pollution treatment is particularly important, but the traditional methods of chromium pollution: adsorption, chemical reduction, ion exchange treatment methods generally have the problem that high processing costs, energy consumption, process complexity, and easy secondary pollution. Those problem limit the applications of traditional methods [8] [9] [10] . Discussion on how to adopt inexpensive, environment-friendly phytoremediation technology has become a hot topic [11] .Phytoremediation uses special hyperaccumulators to transfer heavy metals that pollute the environment to roots and leaves of plants, then harvest the plants for restoration purposes [2] . Although there are many heavy metal hyperaccumulators at present, there are very few hyperaccumulators of chromium, only the foreign reports of Dicomaniccolifera and Sutera fodina, and the only wet plant found in China, which is currently reported. [12] .
There are many reviews of phytoremediation [13] [14] [15] , but still many restrictions on the use of phytoremediation for heavy metal pollution, such as the slow growth rate and growth of hyperaccumulators, the low transfer rate of heavy metals and the concentration of heavy metal pollution. All of those restrictions affect the phytoremediation efficiency and limits the practical application of phytoremediation [16] . Some studies have shown that the artificial wetland of Leersia hexandra swartz has good effect on the recovery of chromium (VI) exceeding 150 times (7.50mg/L) water body [3] , but the contribution of direct absorption and removal of chromium by Leersia hexandra swartz is less than 10% [17] . How to improve the enrichment efficiency of the chromium-containing environmental pollution by Leersia hexandra swartz is the key to the application of Leersia hexandra swartz to the environment.
The discovery of Leersia hexandra swartz
The Leersia hexandra swartz is a wet plant of perennial grasses and is the only chromium hyperaccumulator found and reported in China [18] . In a wet environment, the rapid growth of Leersia hexandra swartz and the high density of the larvae make the biomass per unit area large, which improves the efficiency of the heavy metal polluted environment. At first, Leersia hexandra swartz was concerned as a kind of damage to rice weeds, and related agricultural scholars began to study it [19, 20] ; then it is found that the biological characteristics of Leersia hexandra swartz are drought tolerant and waterlogging tolerant, some scholars have explored their potential in areas of soil and water conservation and vegetation restoration [21, 22] ; because Leersia hexandra swartz also have good absorption effect on other heavy metals, so many scholars have also used Leersia hexandra swartz for the treatment of heavy metalcontaminated soils and constructed wetlands to remediate heavy-metal-contaminated water bodies and multiple heavy-metal mixed domestic sewage waters [23] [24] [25] . In order to provide a theoretical basis for the restoration of large-scale, low-concentration polluted water bodies, this paper discusses recent studies on the chromium enrichment capacity of Leersia hexandra swartz and the influence of enrichment of chromium on Leersia hexandra swartz.
Hyper-enrichment characteristics of chromium in Leersia hexandra swartz
According to a study on the wet plant near an electroplating factory in northern Guangxi, it found that Leersia hexandra swartz has an ultra-enriched characteristic of chromium. The study found that the average content of chromium absorbed by leaves was 1787 mg/L , the ratio of chromium content in leaves to in roots was 12 ; the ratio of chromium content in leaves to in soil was 57 and the ratio of chromium content in leaves to in water was 518 [12] . Leersia hexandra swartz also has high removal rates for mixed pollutedwaters containing chromium, copper, and nickel. Table 1 shows the statistics of theremoval efficiency of chromium, copper, and nickel at different concentrations within 10 days of Leersia hexandra swartz [26] . "-" is below the detection limit of the atomic spectrophotometer In the restoration of heavy metal polluted waters containing chromium, copper and nickel, it state that Leersia hexandra swartz has good results. According to experiments, the highest removal rates of chromium, copper, and nickel havereached 100% , 93.8% , and 89.3% respectively. Leersia hexandra swartz can also enrich chromium, copper, and nickel in heavy metalcontaminated soils. Leersia hexandra swartz can still grow normally in soils with chromium, copper, and nickel contents of 8516 , 3442 , and 2992 mg/kg. It has strong patience for soils contaminated by high concentrations of heavy metals [27] . This indicates that the species of Leersia hexandra swartz is valuable for research in the field of remediation of heavy metals contaminatedsoils or water bodies.
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The tolerance mechanism and detoxification mechanism of Leersia hexandra swartz Different metals have different biological activities, and the level of activity determines the plant's enrichment efficiency. Table 2 is an overview of the biologicalactivi -ty of plants on some metals [28] . The previous article mentioned that phytoremediation technology uses special hyperaccumulateors to transfer heavy metals that pollute the environment to the roots and leaves of plants, and then harvest the plants for restoration purposes. It can be seen from Table 2 that chromium is of low biological activity, and some plants cannot transport them to above-ground parts after absorption, or the transport coefficient is very low, so the purpose of phytoremediation technology cannot be achieved. For example, about 80% of the chromium absorbed by Lycopersicon esculentum Mill is distributed in the root, and only a small portion can be transported to the aerial parts [29] . The enrichment of chromium in Leersia hexandra swartz can be represented by the content of chromium in each part of the tissue. Table 3 shows the average content of chromium in the each part of the tissue after absorbing the different concentrations of chromium [30] . root content) is 90%, 1.24% and 9% respectively. It can be seen that with the increase of chromium concentration, the transfer coefficient of chromium is also greatly reduced, so the use of Leersia hexandra swartz to repair larg eareas, low concentrations of chromium polluted water worth studying. Many plants can survive in heavy metal-contaminated environments, the important point is the distribution of heavy metals in the body. Plants isolate the enriched heavy metals in highly resistant areas, avoiding toxic heavy metals damaging important tissues and organelles [31] . On the one hand, the vacuoles in the cell walls and leaves of the roots of the Leersia hexandra swartz were the main enrichment sites for chromium.When the chromium concentration increased, the Leersia hexandra swartz transferred the chromium from the roots to the upper leaves to separate them. From the roots segregation to leaves segregation is an important mechanism for the detoxification of chromium by Leersia hexandra swartz. On the other hand, under the heavy metal stress, a large amount of active oxygen in the plant will produce damage to the membrane structure, which is not conducive to the survival of the plant. The antioxidant enzymes SOD, POD, and CAT in plants can remove reactive oxygen species. Studies have shown that under the chromium stress, the contents of three enzymes of SOD, POD and CAT increase, which effectively alleviates the perforation of chromium to Leersia hexandra swartz [32] . Therefore, the antioxidant enzyme system plays an important role in the tolerance and detoxification of chromium in Leersia hexandra swartz.
Effects of different exogenous substances on the enrichment of chromium in Leersia hexandra swartz
In the process of accumulation of heavy metals, the existing hyperconcentration plants are affected by the soil and water in the complex environment. In practical application, only a small amount of heavy metals can be removed. Therefore, how to improve the efficiency of phytoremediation of heavy metals polluting environment is a hot topic in the field of environmental remediation research. Nitrogen and sulfur are essential nutrients for plants. Applying nitrogen fertilizer to Solanum nigrum promotes, promoted the growth of Solanum nigrum and increases the accumulation of Cd on Solanum nigrum [33] ; appropriate amount of sodium sulfite is added to Leersia hexandra swartz, which promoted the accumulation of chromium in Leersia hexandra swartz and increased the chromium transport coefficient [34] . Adding exogenous substances to the essential nutrients of plants may be a means to increase the efficiency of plant enrichment. Leersia hexandra swartz has shown good ability to remove total nitrogen when treating wastewater containing heavy metals [35] . It can be considered that adding appropriate amount of nitrogen fertilizer to Leersia hexandra swartz can improve the enrichment of heavy metals when Leersia hexandra swartz repairing the environment.
Plants combine heavy metals with MT, PCs, GSH, organic acids, etc., but studies have found that the absorption of chromium by Leersia hexandra swartz is not related to the first three ways, it related to organic acids, and may be the coordination of oxalic acid with chromium in organic acids, and passivation to fix chromium in the body, and oxalic acid may be the main chelator of chromium in Leersia hexandra swartz leaf [36] . Plant oxalic acid has been considered as a metabolite with undefined physiological effects, but more and more studies have shown that oxalic acid plays an important role in plants adapting to environmental stress. For example, chromium in leaves of E.crassipes may form oxalate precipitation with oxalic acid [37] , the Zn of T. careulescens root is closely related to malic acid and oxalic acid [38] . Glyoxylic acid is a synthetic precursor of oxalic acid. Under chromium stress, adding a proper amount of glyoxylic acid to Leersia hexandra swartz not only promotes plant growth and chromium accumulation, but also effectively promotes the synthesis of oxalic acid [39] . Therefore, oxalic acid may be an effective mechanism for the enrichment and toleration of high concentrations of chromium in Leersia hexandra swartz. Shorter biomass and shorter growth cycle are the limiting factors for resource utilization of Leersia hexandra swartz. While we can effectively promote the biomass of Leersia hexandra swartz and heavy metal accumulation of Leersia hexandra swartz, we also need to promote the increase of the transport coefficient. Then harvest the plant can achieve the purpose of repairing contaminated soil and water bodies. The addition of exogenous substances, EDTA organic compounds, can strengthen the antioxidant enzyme system of Leersia hexandra swartz and promote the transfer of chromium from the root to the aerial parts [40] .
Outlook
In addition to phytoremediation, microbiological restoration of chromium pollution has become a hot topic for researchers in recent years [41, 42] . This is a method of using a surface structure of microorganisms to adsorb heavy metals, or using microorganisms to produce reducing substances, enzyme catalytic systems etc., to convert chromium (VI) to chromium (III) [43] . Some scholars have also combined the two technologies to study, for example, inoculating Brassica juncea with Enterobacter aerogentes and Rahnella aquatilis with growth promoting characteristics can increase the absorption of chromium and nickel [44] . The combined microbiological-plant remediation technology takes advantage of phytoremediation (low cost, environmental friendliness, etc.), and increases plant enrichment efficiency and shortens repair cycles [45] [46] [47] and research shows that this technology has great potential for managing environmental pollution [48, 49] . Except for studying the addition of exogenous substances to improve the accumulation of heavy metals in Leersia hexandra swartz, the research on the joint repair technology of Leersia hexandra swartz and microbes is a very good research direction. 
